ABSTRACT. Our objective was to determine the quantitative changes of individual triacylglyercol (TG) species in liver and carcass during early postnatal growth. Pregnant rats were killed at d 21 of pregnancy, and neonatal rats were killed at d 3 or 9 after birth. Quantitative changes in fatty acids and TG species of fetallneonatal liver and carcass were determined using capillary gas liquid chromatography. At postnatal d 3 or 9 compared with fetal d 21, total carcass TG increased 11-to 12-fold, with nonessential fatty acids increasing 8-to 9-fold, n-6 essential fatty acids (EFA) increasing 34-to 44-fold, and n-3 EFA increasing 19-to 29-fold, respectively. Total neonatal liver TG increased 13-fold from fetal d 21 to postnatal d 3, with a 6-fold increase in non-EFA, a 34-fold increase in total n-6 EFA and a 65-fold increase in total n-3 EFA. At postnatal d 3 compared with fetal d 21, larger molecular weight liver TG classes (C56-C64) increased 68-fold, followed by lower molecular weight TG classes C40-C48 (19-fold) with only a 6-fold increase in C50-C54. In liver, highly unsaturated TG classes (C56-C64) accounted for 49% of total TG at postnatal d 3 and consisted mainly of arachidonic, docosahexaenoic, and linoleic acids accompanied by palmitic and oleic acids. During early postnatal development, TG species containing one, two, or even three 20-22 EFA may be structurally important themselves or serve as direct substrates for synthesis of phospholipids. The unique accumulation of C54-C64 TG species, especially in liver, indicates that highly unsaturated TG are a quantitatively important EFA pool during early life. (Pediatr Res 31: 47-51,1992) neonatal composition and accretion of EFA at different stages of growth (1). Therefore, it was suggested that the milk formula for low birth weight human infants should be one corresponding to that of the baby's body itself (2). Formula milk T G with a stereospecific structure and fatty acid composition similar to that of breast milk have been reported to be absorbed best (1). Many studies have addressed the changes in LCFA composition and metabolism that occur during fetal and neonatal development (2-1 I), and, although the postnatal changes in EFA composition, especially in TG, are dramatic (12, 13), their speciation has not been previously described. Such information may lead to insight regarding structural versus energy-providing functions of EFA such as linoleic acid (1 8:2n-6).
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The development of the capillary column coated with a polarizable phenylmethylsilicone phase has made it possible to resolve T G species by carbon number and unsaturation (14) . Recently, the potential application of this column in the analysis of plasma TG profiles has been reported (15), and the results are most encouraging, although overlap of T G species with same total carbon number and double bond number still occurs. We have recently shown that this column also resolves TG species of rat tissue lipids and that linoleoyl-enriched T G species increase in maternal liver toward term (1 6) and are also responsive to fasting (17).
We report here that the composition of TG species in the liver and carcass changes markedly during the first postnatal week, becoming temporarily very complex through the accumulation of both medium-chain T G and highly unsaturated T G species in comparison to the situation prenatally or after the first week of life. L, linoleic acid (18:2n-6) LCFA, long-chain fatty acids TG, triacylglycerol EFA, essential fatty acids Animals. Second parity female Sprague-Dawley rats (Charles River Canada, St. Constant, Quebec, Canada) were housed individually in suspended, stainless steel, wire-bottomed cages in the animal facilities of the Faculty of Medicine, University of Toronto. They were housed, fed, and handled according to the guidelines of Canadian Council on Animal Care. The rats were fed a rodent Chow diet (Ralston-Purina Co., St. Louis, MO) and tap water throughout pregnancy and lactation. The Chow contained 4.5% fat by weight with 18:2n-6 and a-linolenic acid ( 1 8:3n-3) at 27 and 3% of total fatty acids, respectively. The female rats were mated with experienced males, and vaginal The traditional approach to determine the EFA required by a plugs were taken as a sign of successful conception (d I of developing fetus or newborn involves examination of the fatty pregnancy)~ The rats were killed on d 2 1 of pregnancy or d +3 acid composition of breast milk or determination of fetal and or +9 of lactation ( n = 4/date; + denotes lactation period), F~~ casses were collected, followed by decapitation of the fetuses and (bottom, d +3) . Column: fused silica before use. Methanol was added to the samples stored in chlo-capillary (25 m x 0.25 mm, inner diameter) coated with 65% phenylreform to a final concentration of 2: 1 (vol/vol) with a solventmethyl silicone; temperature: 320-355°C at 2"C/min; carrier gas: hydroto-tissue sample ratio of 10: 1, samples were then homogenized gen (25 pounds per square inch); and detector: flame ionization detector. at full speed using a ~~i~k~~~~ polytron (~, . i~k~~~~ I~~~~~-A, unhydrogenated TG. B, hydmgenated TG. Peak identifications (+ merits, ~~~d~l~, ontario, canada), followed by addition of0,9% possible alternative peaks) where M is myristic acid, Po is palmitoleic saline and then centrifugation, The organic phase was pipetted acid, Mo is myristoleic acid, and La is lauric acid: OLL. T G were determined by gas liquid chromatography using a Designation of T G species resolved by gas liquid chromatography capillary column (Durabond 225,30 m x 25 pm, inner diameter; is by carbon number. Thus, C54 is a T G with predominantly JW Scientific Inc. Folsom, CA) in a gas liquid chromatograph three 18-carbon fatty acids or one 16-carbon, one 18-carbon, (HP 5890 A; Hewlett-Packard Co. Palo Alto, CA) with auto-and one 20-carbon fatty acid. The individual species are identimated sample delivery, injection, and peak integration (17).
fied by the combination of the first letter of the fatty acids An aliquot of each total lipid extract was used for isolation of involved, but this is not stereospecific, e.g. PLL = LPL = LLP. the total T G with addition of triheptadecanoin as an internal Recovery of T G species greater than C56 decreased with increasstandard for quantification. A second thin-layer chromatography ing unsaturation. T G species were therefore compared across separation was used for this purpose, after which the T G species time, but interspecies comparisons were not made. In addition, were analyzed using a Varian 3700 gas chromatograph equipped hydrogenation permitted high recovery but loss of resolution of with a T G column (25 X 25 pm, inner diameter, coated with 10 C20-22 fatty acid-containing T G species (17).
pm of 65% phenylmethyl silicone film; Quadrex, New Haven, Statistics. Analysis of variance followed by t test (two-tailed)
CT) operating at 320 to 355"C, as previously described (17). was used for statistical evaluation of differences between groups. 
RESULTS
Carcass and 1iverJatty acids. Postnatally (d +3 or +9, compared with d 21), total neonatal carcass TG quantitatively increased 11-to 12-fold, with non-EFA increasing 8-to 9-fold, n-6 EFA increasing 34-to 44-fold, and n-3 EFA increasing 19-to 29-fold, respectively. In relation to d 21, total neonatal liver T G quantitatively increased 13-fold at d +3 of lactation, with a 6-fold increase in non-EFA, a 34-fold increase in n-6 EFA, and a 65-fold increase in n-3 EFA. Among n-6 EFA, 18:2n-6 and 20:4n-6 increased the most from d 21 to +3 (29-and 48-fold, respectively). Within n-3 EFA, 18:3n-3, 20:5n-3, 22:5n-3, and 22:6n-3 increased 42-, 42-, 21 5-, and 60-fold, respectively. Compared with d +3, total neonatal liver TG decreased at d +9 by 77%, with non-EFA, n-6 EFA, and n-3 EFA decreasing, by 67, 80, and 86%, respectively, but still remaining significantly higher than at d 21 (Table 1) . Carcass TG species. C56-60 TG species (containing at least one 20-22 fatty acid) were not resolved in the unhydrogenated samples (Fig. IA ), but were resolved as saturated TG after hydrogenation (Fig. 1B) . The neonatal rat had a carcass TG species profile distinctly different from that of the fetal rat at d 21. At d +3, the neonatal carcass contained C32-C44 TG subclasses that were undetectable at d 2 1. Compared with d 2 1, all carcass TG species from C32 to C58 were increased significantly by d +3, contributing a 12-fold increase in total TG. However, at d +9, C32-C48 were still as high or higher than at d +3, but C56-C60 were decreased in comparison with d +3 (Fig. 2) . (Table 2) , which is in agreement with the carcass TG fatty acid data indicating that 16:0 accounted for 49% of total fatty acids at d 2 1 (Table 1) . On the other hand, 18:2n-6-enriched T G species were quantitatively minor in the carcass TG at this time. Between d 2 1 and d +3, the total of dilinoleoyl TG species (OLL, SLL, and PLL) increased 61-fold; the total of monolinoleoyl TG species (OLO, SLO, PLO, PSL, and PLP) increased 19-fold, whereas the total of other nonlinoleoyl-containing TG species increased 6-fold. In the carcass, accumulation of C56-C60 TG classes containing 20-22 EFA was also greatest at d +3 (5-fold increase over d 2 1). However, at d +9, total carcass TG decreased by 21 % compared with d +3, and most individual TG species (pg/g) were decreased correspondingly (Table 2, Fig. 2) .
Liver TG species. Based on total acyl carbon number, all liver TG subclasses were increased significantly at d +3 in contrast to prenatal values (Fig. 2 and 3, Table 3 ). Larger molecular weight TG classes (C56-C62) in the liver collectively increased 68-fold, followed by lower molecular weight TG classes (C40-C48, 19-fold increase). The intermediate TG class (C50-C54; mainly consisting of 16:0, 18: l n-9, 18:2n-6, and 18:0) increased 6-fold. From d 21 to +3, dilinoleoyl TG species in the liver (OLL, SLL, and PLL) increased 52-fold, monolinoleoyl TG species (OLO, SLO, PLO, PSL, and PLP) increased 4-fold, and nonlinoleoyl TG species (C<54) increased 5-fold. In contrast to d +3, at d +9 all TG species in neonatal liver were decreased (pg/g), contributing to a 77% decrease in total neonatal liver T G (Fig. 2,  Table 3 ).
From the liver TG fatty acid data at d $3 (Table I) , many species could contribute to C56, but fewer possibilities are likely for C58-C64 (Fig. 3) : the TG species within C58 would include oleoyl linoleoyl docosahexaenoyl glycerol, palmitoyl arachidonoyl docosahexaenoyl glycerol, oleoyl diarachidonoyl glycerol, or linoleoyl diarachidonoyl glycerol; within C60 the main TG species would be oleoyl arachidonoyl docosahexaenoyl glycerol, palmitoyl didocosahexaenoyl glycerol, and linoleoyl arachidonoyl docosahexaenoyl glycerol; the TG species within C62 would be mainly diarachidonyl docosahexaenoyl glycerol, linoleoyl didocosahexaenoyl glycerol, and oleoyl didocosahexaenoyl glycerol; and the TG species within C64 would be mainly arachidonoyl didocosahexaei~oyl glycerol. Their specific identification is not possible at present because of a lack of standards as well as methods for accurate separation and identification of TG species with more than 60 acyl carbons. 
DISCUSSION
In the present study, it is evident that a marked but transitory increase in the quantitative content of LCFA and TG species of carcass and liver occurs during early postnatal development in the rat. The increase began at d 21 (final prenatal day) and peaked at d +3 (postnatal), but was markedly reduced by d -1-9. Although these data are affected by changes in carcass and liver weight pre-to postnatally, their expression as either pg/g or ~g / carcass (liver) does not affect the overall interpretation. These quantitative changes in TG composition are not evident from the proportional fatty acid composition on these days, which, to our knowledge, is the only form in which fatty acid data (2-13) or TG subclass data (17) on this topic have previously been published.
In neonatal carcass and liver, TG containing a high proportion of n-6 and n-3 EFA were characteristically accumulated during the first week of life (around d +3). Among n-6 EFA in the total TG pool, 18:2n-6 and 20:4n-6 were accumulated most, whereas within n-3 EFA the most accumulated were 22:5n-3 and 22:6n-3. The quantitative accumulation of large amounts of 20-22 carbon EFA in the TG pool seems to be unique to early postnatal life, inasmuch as they are usually components of tissue phospholipids during adulthood.
Prenatally, total carcass had a lower TG content (3.2 mg/g at d 21) than it did postnatally (40.5-35.9 mg/g between d +3 and +9). Postnatally, the TG structure appeared to be more complicated than it did prenatally by including lower molecular weight TG species C32-C44 (0.3-1.0 mg/g), which are characteristic of those in the milk (3, 11, 18) . These data suggest that the fatty acids in carcass TG originate from both milk fatty acids and de novo synthesis in the neonate. Because milk TG are readily hydrolyzed in the stomach and small intestine of the neonatal rat (18-21), the presence of TG species <C40 in the neonatal liver suggests that they are rapidly synthesized and stored in both neonatal rat liver and carcass. In maternal liver TG, 18:2n-6, 20:4n-6, and 22:6n-3 also increased significantly throughout late
